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© High-voltage semiconductor device having sllicon-on-insulator structure with reduced 
on-resistance. 

@ A high-voltage metal-oxide-semiconductor tran- control electrode, 
sistor device having a semiconductor-on-insulator 
structure comprises a substrate (21, 41), an insulator 
layer (22, 42a) provided on the substrate, a semicon- 
ductor layer (23, 44) of a first conductive type pro- 
vided on the insulator layer, a source region (27, 48) 
of a second conductive type defined in the semicon- 
ductor layer, a drain region (28, 49) of the second 
conductive type defined in the semiconductor layer, 
a gate insulator film (24, 45) provided on the semi- 
conductor layer so as to cover a part of the surface 
of the semiconductor layer adjacent to the source 
region, a gate electrode (25. 46) provided on the 
gate insulator film, an offset region (29, 47) defined 
in the semiconductor layer between the part of the 

^semiconductor layer covered by the gate insulator 

^film and the drain electrode, a less-doped region 

lfl(29a, 47a) defined within the offset region at an 

CO upper part thereof,^ control electrode (26, 43) pro- 

*™vided between the substrate and the insulator layer 

N so as to extend along a boundary between the 

00 insulator layer and the substrate at least under the 

m offset region, and a driving circuit (20) for supplying 

Oa control voltage to the control electrode simulta- 
neously and in response to the gate voltage with 

111 such a magnitude that an inversion layer is formed 
in the semiconductor layer along the control elec- 
trode when the control voltage is applied to the 
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HIGH- VOLTAGE SEMICONDUCTOR DEVICE HAVING SILICON-ON-INSULATOR STRUCTURE WITH RE- 

DUCED ON-RESISTANCE 



BACKGROUND OF THE INVENTION 

The present invention generally relates to 
semiconductor devices and more particularly to a 
high-voltage MOS device having a so-called 
semiconductor-on-insulator or SOI structure. 

In the SOI structure, active devices are con- 
structed on respective insulator layers which in turn 
are provided on a semiconductor substrate. By 
using this structure, a complete device isolation is 
achieved. Thus, there are various attempts to con- 
struct high-voltage MOSFETs, such as the one 
used in the display panel driving or in the electro- 
mechanical control where a high withstand voltage 
is required, in a form of the SOI structure. 

FJG.1 shows a prior art MOSFET device having 
such an SOI structure. The MOSFET shown in the 
drawing has a so-called offset gate structure 
wherein the source and drain regions of the device 
are provided asymmetrically with respect to the 
gate, and the gate is provided close to the source 
region of the device. 

Referring to FIG.1, this prior art MOSFET de- 
vice comprises a silicon substrate 11 of a first 
conductive type, an insulator layer 12 typically of 
sapphire and provided on the substrate 11, and a 
semiconductor layer 13 on the insulator layer 12. 
The semiconductor layer 13 is doped to the first 
conductive type and is covered by a gate insulator 
film 14 in correspondence to a part of the semicon- 
ductor layer 13 where a gate electrode 15 is pro- 
vided, and the gate electrode 15 is provided on the 
gate insulator film 14 as usual. Further, a source 
region 17 and a drain region 18, both having a 
second conductive type, are defined in the semi- 
conductor layer 13 with such a relation that the 
source region 17 is located adjacent to the gate 
electrode 15 while the drain region 18 is separated 
from the gate electrode 15 by an offset region 19. 
This offset region 19 includes a less-doped region 
19a in the upper part thereof. This region 19a is 
doped to the second conductive type though with a 
reduced dopant level. 

The active part of the MOSFET of FIG.1 is thus 
formed on the semiconductor layer 13 which is 
isolated from other MOSFET devices on the same 
substrate. Thus, an ideal device isolation is 
achieved when the MOSFET is assembled in a 
form of integrated circuit. 

Such a MOSFET having the offset gate struc- 
ture provides a preferable feature in that the drain 
breakdown voltage is increased by reducing the 
thickness of the semiconductor layer 13. More spe- 
cifically, when the thickness of the semiconductor 



layer 13 is reduced, the offset region 19 is de- 
pleted substantially entirely in response to the 
drain voltage because of the reverse biasing of a p- 
n junction formed in this offset region between the 
5 less-doped region 19a and the rest of the semicon- 
ductor layer 13 underneath. Note that the less- 
doped region 19a has the second conductive type 
while the semiconductor layer 13 in the region 19 
has the first conductive type. Thus, when the drain 
w voltage is applied between the source and drain 
regions, the depletion region spreads upwards and 
downwards in the vertical direction from the p-n 
junction in the offset region. With reduced thick- 
ness of the offset region 19, the depletion region 
15 formed therein easily extends throughout its entire 
thickness. In such a situation, increase of the drain 
voltage contributes only to the increase of lateral 
electric field across the offset region. Therefore, 
the expansion of the offset length makes the drain 
20 breakdown voltage higher. 

In the MOSFET having the offset gate structure 
as such, however, there arises a problem in that 
the resistance between the source region 17 and 
the drain region 18 in the turn-on state of the 
25 device or so-called on-resistance is increased be- 
cause of the existence of depletion region in the 
offset region 19. In order to reduce this on-resis- 
tance, it is necessary that the dose of the less- 
doped region 19 including the less-doped region 
30 19a is increased. However, increase of the dose in 
the region 19 raises a problem in that the impuri- 
ties tend to be diffused into the region underneath 
the less-doped region 19a upon heat treatment 
applied during the fabrication process. Thus, it is 
35 difficult to limit the less-doped region 19a in the 
upper part of the semiconductor layer 13 when the 
dose is increased. 

Further, because of the tendency of non-uni- 
form distribution of the electric field in the semicon- 
40 ductor layer 13, there appears a concentration of 
electric field in the source side edge of the doped 
regions 19a and 18 shown in FIG.1 by A and B. As 
the p-n junction is formed in the region A or B, 
excessive increase of the electric field in such a 
45 region invites a breakdown of the junction when the 
dose is increased in the region 19. Thus, the drain 
breakdown voltage, which is substantially deter- 
mined by the regions A and B, is deteriorated and 
the device becomes fragile to the surge of drain 
so voltage. 

From the foregoing reasons, the approach to 
increase the dose of the impurities is inappropriate, 
and the problem of achieving a high drain break- 
down voltage and at the same time a reduced on- 
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resistance is remained unsolved. 



SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
MOSFET device having the SOI structure, wherein 
the aforementioned problems are eliminated. 

Another object of the present invention is to 
provide a MOSFET device having the SOI structure 
wherein a high drain breakdown voltage and a 
reduced on-resistance are simultaneously 
achieved. 

Another object of the present invention is to 
provide a MOSFET device having a so-called SOI 
structure in which the device is constructed on an 
insulator layer which in turn is provided on a semi- 
conductor substrate, wherein the gate electrode is 
provided on a semiconductor layer provided on the 
insulator layer, in which semiconductor layer the 
source region and the drain region are defined, 
with such a relation that the gate electrode is 
located adjacent to the source region with an inter- 
vening region formed in the semiconductor layer 
between the gate electrode and the drain region, 
the intervening region comprising a less-doped re- 
gion of the second conductive type but with a 
smaller dose of dopants in the upper part of the 
intervening region, wherein there is provided a con- 
trol electrode in the semiconductor substrate at 
least in correspondence to the intervening region 
such that the control electrode is separated from 
the semiconductor layer by the insulator layer for- 
ming the SOI structure. According to the present 
invention, the drain breakdown voltage in the turn- 
off state of the device is increased because of the 
depletion region formed at the p-n junction in the 
offset region, while the on-resistance is decreased 
by applying a control voltage to the control elec- 
trode simultaneously to the gate voltage such that 
there is formed an inversion layer in the offset 
region along the boundary to the underlying insula- 
tor layer. 

Other objects and further features of the 
present invention will become apparent from the 
following detailed description when read in con- 
junction with attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a diagram showing the structure of a 
prior art offset-gate type MOSFET; 

FIG.2 is a diagram showing the essential 
part of the MOSFET according to a first embodi- 
ment of the present invention; 

FIG.3 is a diagram showing the MOSFET of 



FIG.2 in a complete form; 

FIGS.4A and 4B are graphs showing the 
drain breakdown voltage and the improvement of 
the on-resistance achieved by the device of FIG.2; 
5 FIG.5 is a diagram showing a second em- 

bodiment of the MOSFET of the present invention; 

FIG.6 is a diagram showing a third embodi- 
ment of the MOSFET of the present invention; and 
FIG.7 is a diagram showing a fourth embodi- 
70 ment of the MOSFET of the present invention. 

DETAILED DESCRIPTION 

First, principle of the present invention will be 

rs described with reference to FIG.2 showing an es- 
sential part of the MOSFET according to a first 
embodiment of the present invention. 

Referring to FIG.2, the MOSFET has a typical 
SOI structure and comprises a silicon substrate 21, 

20 an insulator layer 22 provided on the silicon sub- 
strate 21, and a silicon layer 23 forming a mesa 
structure on the insulator layer 22. On the semicon- 
ductor layer 23, there is provided a gate insulator 
film 24 on which a gate electrode 25 is provided, 

25 while in the silicon layer 23, there are defined a 
source region 27 and a drain region 28 as usual. 
As illustrated in FIG.2, the gate electrode 25 is 
provided adjacent to the source region 27 and the 
device takes the offset-gate structure, wherein an 

30 offset region 29 is formed between the gate elec- 
trode 25 and the drain region 28. 

In this MOSFET, the silicon substrate 21 and 
the silicon layer 23 are doped to the p"-type with 
the impurity level of about 1 X 10 16 /cm 3 while the 

55 source and drain regions 27 and 28 are doped to 
the n*-type with the dose of about 2 - 4 X 
10 15 /cm 3 . Further, a less-doped region 29a of the 
n-type is defined in the upper part of the region 29 
with a reduced dose of 1 - 3 X 10 12 /cm 3 . In such a 

40 structure, it is noted that there is formed a p-n 
junction between the region 29a and the rest of the 
region 29 underneath the region 29a similarly to 
the prior art MOSFET of FIG.1. 

In the turn-off state of the device, the p-n 

45 junction is biased in the reverse direction respon- 
sive to the positive voltage at the drain region 28 
and thus a depletion region is formed in the offset 
region 29. This depletion region reduces the 
strength of electric field applied to the channel 

so region by the drain electrode and thereby the 
source-drain breakdown characteristic of the device 
is significantly improved. As the dose of the region 
29a forming the p-n junction is reduced to the level 
already described, it becomes possible to set the 

65 depth or vertical level of the p-n junction substan- 
tially at the center of the offset region 29. Thus, the 
depletion region extends upwards and downwards 
from the p-n junction substantially entirely through 
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the offset region 29 and an effective increase of the 
drain breakdown voltage is achieved. Further, such 
a depletion region in the offset region 29 increases 
the breakdown voltage between the gate and the 
drain. 

In the MOSFET of FIG.2, another electrode or 
a control electrode 26 is provided in the substrate 
21 under the insulator layer 22 in correspondence 
to the offset region 29 in the silicon layer 23, and a 
driver circuit 20 is provided so as to apply a control 
voltage to the control electrode 26 simultaneously 
and in response to the gate voltage which is ap- 
plied to the gate electrode 25. The thickness of the 
insulator layer 22 is set such that the electric field 
induced in the silicon layer 23 by the control elec- 
trode 26 does not cause breakdown at the edge 
region B where the p-n junction is formed and 
concentration of electric field tends to occur. Fur- 
ther, the thickness of the insulator layer 22 is 
determined such that there appears an inversion 
layer C in the silicon layer 23 along the insulator 
layer 22 in response to the control voltage applied 
to the control electrode 26. In the foregoing dose of 
the substrate 21 and the silicon layer 23, a layer 
thickness of about 1.0 - 1.5 urn, 2.0 urn in the 
maximum, is preferred for the insulator layer 22. 
When the layer thickness and dose are set as 
such, the inversion layer C can be formed by the 
control voltage with a magnitude of about 30 volts 
or less. 

When the inversion layer is formed, the con- 
ductance between the source and drain is signifi- 
cantly increased. As the control voltage is applied 
in coincidence to the gate voltage, the increase of 
conductance provides decrease of on-resistance of 
the device. Further, the control electrode 26 com- 
pensates the increase of resistance of the less- 
doped region 29a which is caused by injection of 
hot carrier to interlayer insulation layer (not shown 
in FIG.2), by inducing the inversion layer. 

The driver circuit 20 illustrated in FIG.2 is a 
boost circuit and applies the control voltage of 
which magnitude is chosen such that the inversion 
layer is formed in the silicon layer 23 yet no 
breakdown occurs at the region B, on the control 
electrode 26 in correspondence to the gate voltage. 
Note that the driver circuit 20 is not limited to such 
a boost circuit but any other circuit may be em- 
ployed as long as the foregoing inversion layer is 
induced in the silicon layer 23 in response to the 
control voltage without causing the breakdown at 
the region B. 

Next, the structure of the MOSFET of FIG.2 will 
be described with reference to FIG.3. Referring to 
FIG.3, the control electrode 26 comprises an n-type 
well formed in the substrate 21 which is doped to 
the p- type as already described. Further, the en- 
tire structure is covered by an interlayer insulation 



layer 33 in which contact holes are provided in 
correspondence to a source electrode 31 contact- 
ing with the source region 27 and a drain electrode 
32 contacting with the drain region 28. Contact hole 
5 for the gate electrode 25 is not shown in this 
drawing as this contact hole is not in the plane of 
this cross-sectional view. Further, the insulator lay- 
er 22 is provided with an aperture exposing a part 
of the control electrode 26 outside of the mesa of 
70 the silicon layer 23. and a contact hole is provided 
on the interlayer insulator 33 covering the aperture 
in correspondence to where the control electrode 
26 is exposed, wherein an electrode 30 is provided 
so as to achieve the electrical connection between 
is the driver circuit 20 and the control electrode 26. 

In fabrication of the device of FIG.3, the control 
electrode 26 is formed first by selective ion im- 
plantation of phosphorus into the silicon substrate 
21 with a dose of 1 X 10 13 /cm 2 followed by anneal- 
20 ing. This silicon substrate 21 has the impurity level 
of about 1 x 10 16 /cm 3 as already described and 
may have a resistivity of about 1 0cm. The insula- 
tor layer 22 acts as the field oxide layer and may 
be formed by selective thermal oxidation of the 
25 silicon substrate 21 for a thickness of about 1 urn - 
2.0 urn, preferably less than about 1.5 urn while 
protecting the aperture region to be used for inter- 
connection to the electrode 30 by a suitable means 
such as mask of silicon oxide or silicon nitride. 
30 Next, the mask is removed and after a modest 
thermal oxidation, a layer of polysilicon is depos- 
ited on the insulator layer 22 covering the substrate 
21 by chemical vapor deposition. This polysilicon 
layer is annealed thereafter by irradiation of energy 
35 beam such as laser beam and a single crystal 
silicon layer covering the surface of the insulator 
layer 22 is obtained. 

This single crystal silicon layer is further pat- 
terned such that the mesa structure is formed in 
40 correspondence to each of the MOSFET devices, 
and thus the silicon layer 23 shown in FIG.3 is 
obtained. This silicon layer 23 is then subjected to 
ion implantation of boron with a dose of 1 X 
10 12 /cm 2 With this, the layer 23 is doped to the 
45 p~-type. 

Further, the gate insulator film 24 is formed on 
the surface of the silicon layer 23 by thermal 
oxidation for a thickness of about 1000 - 2000 A, 
and the gate electrode 25 is formed on the gate 
50 insulator film 24 by depositing polysilicon for a 
thickness of about 0.5 urn. 

Next, implantation of phosphorus is made into 
the region corresponding to the offset region 29 
with a dose of about 2 x 10 12 /cm 2 to form the less- 
55 doped region 29a, and the source region 27 and 
the drain region 28 are formed by again applying 
the ion implantation of phosphorus with a dose of 
about2X10 15 /cm 2 
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Further, the entire structure Is covered by the 
interlayer insulator 13 of PSG (phosphosilicate 
glass) or silicon oxide deposited by CVD, and after 
provision of the contact holes and the aluminium 
electrodes 30, 31 and 32, the device having the 
structure shown in FIG.3 is completed. 

By forming the field oxide layer 22 for the 
thickness as described together with the dose in 
the offset region 29 described already, it becomes 
possible to form the inversion layer in the offset 
region 29 by the control voltage of about 20 volts. 

Although the description heretofore is made for 
the n-channel type MOSFET, the construction to 
provide the control electrode under the field oxide 
layer and apply a control voltage to the control 
electrode simultaneously to the gate voltage to the 
gate electrode is effective also in the case of the p- 
channel type MOSFET. 

FIGS.4A and 4B show the result of improve- 
ment achieved for the drain breakdown voltage and 
on-resistance by the MOSFET of FIG.2. The test 
was conducted on sample devices of n-channel 
type and p-channel type having a length of 20 urn 
for the offset region 29, a gate length of 10 urn, 
and a gate width of 10 urn, although only the 
results for the n-channel type devices are pre- 
sented. As shown in FIG.4A, a drain breakdown 
voltage of about 100 volts or more was achieved 
by the present construction. Further, as shown in 
FIG.4B. the source-drain resistance in the turn-on 
state of the n-channel type device, shown in the 
drawing by solid triangles, is reduced to about one- 
half as compared to the conventional SOI MOSFET 
shown in the drawing by solid circles. The open 
circles in FIG.4B represents the result for the 
offset-gate type MOSFET not having the SOI struc- 
ture. This result shows that the SOI type MOSFET 
of the present invention can achieve an on-resis- 
tance superior to that of the device not having the 
SOI structure in case the n~ dose of the offset 
region reduced less than 2 X 10 12 /cm 2 . The de- 
crease of source-drain current to about one-half 
means the increase of source-drain current of 
about 100 %. In the case of p-channel type MOS- 
FET, an increase of source-drain voltage of about 
30 % was achieved. 

Next, a second embodiment of the MOSFET 
according to the present invention will be described 
with reference to FIG.5. In the drawing, the parts 
constructed identically to the parts already de- 
scribed with reference to preceding drawings are 
given identical reference numerals and the descrip- 
tion thereof will be omitted. 

In this embodiment, the control electrode 26 is 
not limited to the region under the offset region 29 
but provided so as to extend throughout the mesa 
structure of the MOSFET device. In other words, 
the control electrode 26 is provided In the substrate 



21 in correspondence to the entire silicon layer 23 
and associated therewith, an advantage is obtained 
such that difficulty associated with the exact align- 
ment between the offset region 29 and the control 

s electrode 26 is eliminated in this embodiment Fur- 
ther, the on-resistance is reduced because^ of the 
extension of the inversion layer, shown as C in this 
drawing, throughout the region between the source 
region 27 and the drain region 28. in FIG.5, note 

w that the device is an p-channel type MOSFET and 
the driver circuit 20 is not shown, although the 
driver circuit is used when the inversion layer C is 
formed in the silicon layer 23. 

FIG.6 shows a third embodiment of the MOS- 

75 FET according to the present invention. In this 
embodiment, an insulator layer 42a is provided so 
as to cover the surface of a silicon substrate 41 
which may have the dose similar to the substrate 
21 of the foregoing embodiments. The insulator 

20 layer 42a may be a silicon layer formed by thermal 
oxidation of the silicon substrate 21. On this insula- 
tor layer 42a, a control electrode 43 corresponding 
to the control electrode 26 of the foregoing em- 
bodiments is provided and after a suitable pattem- 

25 ing, the control electrode 43 is buried under an- 
other insulator layer 42b which may be a silicon 
oxide layer deposited by chemical vapor deposi- 
tion. 

On the insulator layer 42b, a polysilicon layer 

30 44 is deposited and annealed so that the layer 44 
is recrystalized into a single crystal phase. The 
silicon layer 44 is doped either to the p-type or to 
the n-type with a dose level similar to that of the 
silicon layer 23 in the preceding embodiments. 

35 After deposition of a gate insulator layer 45 and the 
gate electrode 46 as usual, the silicon layer 44 is 
doped such that a less-doped region 47a is formed 
in correspondence to the offset region shown as a 
region 47, and source and drain regions 48 and 49 

40 are formed by ion implantation. This embodiment 
is advantageous from the view point of increasing 
the integration density of the device in the in- 
tegrated circuit, as the control electrode 43 is 
formed with a reduced size by patterning. 

45 FIG.7 shows another embodiment of the 
present invention which is actually a modification of 
the device of FIG.6. In FIG.7, the parts identically 
constructed to those in FIG.6 are given identical 
reference numerals and the description thereof will 

50 be omitted. 

In this embodiment, the only difference is that 
the control electrode 42a extends throughout the 
region under the semiconductor layer 44. Accord- 
ing to the present invention, an advantage similar 

55 to the one shown in FIG.5 is obtained because of 
the extension of the inversion layer throughout the 
semiconductor layer 44 between the source region 
48 and the drain region 49. Further, by adopting 
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the structure in which the control electrode is pro- 
vided on the insulator layer 42a by patterning, the 
step of implanting ions into the substrate and sub- 
sequent heat treatment to form the buried control 
electrode 26 in the substrate is eliminated. 

In any of the embodiments of FIGS.5 - 7, the 
driver circuit 20 is not illustrated as the circuit 
operates identically to the case of the first embodi- 
ment. Thus, the control electrode 26 of FIG.5 or the 
control electrode 43 of FIG.6 and FIG.7 are applied 
with the control voltage simultaneously and in syn- 
chronization to the gate voltage with such a mag- 
nitude to induce the inversion layer in the semicon- 
ductor layer 23 or 44 either throughout or in cor- 
respondence to the offset region. Note that this 
driver circuit 20 may be provided as a part of the 
integrated circuit on the same substrate. As already 
noted, the driver circuit 20 is not limited to the 
boost circuit but any other appropriate circuit which 
produces the output control voltage having the 
magnitude sufficient to induce the inversion layer in 
the silicon layer may be used. 

Further, the present invention is not limited to 
these embodiments described heretofore, but var- 
ious variations and modifications may be made 
without departing from the scope of the present 
invention. 



Claims 

1. A high-voltage metai-oxide-semiconductor 
transistor device having a semiconductor-on-insula- 
tor structure, comprising a substrate (21, 41), an 
insulator layer (22, 42a) provided on the substrate, 
a semiconductor layer (23, 44) of a first conductive 
type defined by a top surface and provided on the 
insulator layer, a source region (27, 48) of a second 
conductive type defined in the semiconductor lay- 
er, a drain region (28, 49) of the second conductive 
type defined in the semiconductor layer, a gate 
insulator film (24, 45) provided on the semiconduc- 
tor layer so as to cover a part of the top surface of 
the semiconductor layer adjacent to the source 
region, a gate electrode (25, 46) provided on the 
gate insulator film, an offset region (29, 47) defined 
in the semiconductor layer between the part of the 
semiconductor layer covered by the gate insulator 
film and the drain electrode, a less-doped region 
(29a, 47a) defined within the offset region at an 
upper part thereof in continuation to the drain re- 
gion such that the less-doped region extends from 
a first end of the offset region in contact to the 
drain region to a second end of the offset region in 
contact to the region of the semiconductor layer 
covered by the gate insulator film, said less-doped 
region being doped to the second conductive type 
though with a reduced dose level than the drain 



region and forming a p-n junction at an interface to 
the rest of the offset region, 
characterized in that there is provided a control 
electrode (26, 43) between the substrate and the 
5 insulator layer so as to extend along a boundary 
between the insulator layer and the substrate at 
least under a part of the offset region, and driving 
means (20) supplied with a gate voltage to be 
supplied to the gate electrode and operatively con- 
w nected to the control electrode for supplying a 
control voltage to the control electrode, said driving 
means producing the control voltage simultaneous- 
ly and in response to the gate voltage with such a 
magnitude that an inversion layer is formed in the 
is semiconductor layer along the control electrode 
when the control voltage is applied to the control 
electrode. 

2. A device as claimed in claim 1 
characterized in that said driving means (20) pro- 

20 duces the control voltage with a magnitude same 
as or larger than said gate voltage. 

3. A device as claimed in claim 1 
characterized in that said driving means (20) com- 
prises a boost circuit for producing the control 

25 voltage with a magnitude same as or larger than 
said gate voltage. 

4. A device as claimed in claim 1 
characterized in that said insulator layer (22, 42a) 
has a thickness sufficiently reduced to cause inver- 

30 sion in the semiconductor layer along the boundary 
between the semiconductor layer and the insulator 
layer when the control voltage is applied to the 
control electrode (26, 43). 

5. A device as claimed in claim 4 

35 characterized in that said less-doped region (29a, 
47a) in the offset region (29, 47) is doped with a 
dose level in the range of 1 - 3 X 10 12 /cm 2 . 

6. A device as claimed in claim 1 
characterized in that said insulator layer (22, 42a) 

40 has a thickness of about 2 urn or less. 

7. A device as claimed in claim 6 
characterized in that said insulator layer (22, 42a) 
has a thickness in the range of 1 urn - 1.5 urn. 

8. A device as claimed in claim 1 

45 characterized in that said control electrode (26, 43) 
extends under the offset region (29, 47) for a length 
corresponding to that of the offset region. 

9. A device as claimed in claim 1 
characterized in that said control electrode (26, 43) 

so extends under the offset region (29, 47) for an 
entire length of the semiconductor layer (23, 44). 

10. A device as claimed in claim 1 
characterized in that said control electrode (26) is 
formed in the substrate (21) in a form of a buried 

55 layer. 

1 1 . A device as claimed in claim 1 
characterized in that the device further comprises a 
second insulator layer (42b) provided on the first 
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insulator layer (42a) such that the semiconductor 
layer is provided on the second insulator layer, 
wherein the control electrode (43) Is provided be- 
tween the first insulator layer and the second in- 
sulator layer. 5 

12. A device as claimed in claim 1 
characterized in that said insulator layer (22, 42a) 
has a tickness of more than that of said gate 
insulator film (24, 45). 
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